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^^<W^#-^^ ■ cyeloalkenyl, aryl, aralkyl, aikylaryl and derlva- 

^rmanr , Uves of these groups and ft 2 and ft, each for a 

Application Herambtr 2*V 1^7/ B*rlal Ho, 741474 %$ bivalent organic group. 

In Germany Nbrejnbaf )0 a^ Dumber 9U 1855 As derivatives or phosphonic acids there may be 
3 Claims— If o drawing used, for example, phosphonic acid dihalldes, 

'\ j ■/■"■; ~ preferably phosphonic acid dichortdes, and phos- 

The present Invention relates to new phosphorus- phonates» such as methyl, ethyl, propyl, allyi, 
containing polyesters and to a process for their 20 chlorethyl esters having the radical R t directly 
Manufacture. It furthermore relates to copolymers bound to the phosphorus. 

of said polyester* ' . : The radical R t may stand, for example, for alkyl 

It Is known io prepare w^^deRned mOhonieric alkenyt cycloalkyl, cycle llkenyl, aryl, aralkyl and 
cyclic esters of the formula ' v aikylaryl as well as f jr hydrocarbon radicals of 

25 this kind substituted by halogen, hydroxy!, alkoxy 
and ih the case of aromatic radicals, by nitro and/ 
Ar.P <CHY)» or amino groups. 

£^ 0 ' Consequently there may be used, for example, 

methyl, ethyl* propyl, butyl, heXyl, octyl, decyl. 
wherein X stands for 3 or 3 and Y represents 3d dodecyl, stearyl, oleyl. butenyi, propenyl. vinyl, 
hydrogen or an alkyl radical by reacting phenyl- eyclopentyl methylcyclohexyl, ethytcyclohexyl, 
phosphonic add dichldride at 25*C. or lower cyclohexenyl, cycloperttenyl, cyclopentadlenyt, 
temperatures with corresponding glycols, If desired endomethylen-cyclohexyl, phenyl, methyiphenyL 
in the presence of hydrogen haUde acceptors. The dlmethytphenyl, ethylphenyi, isopropy I phenyl, 
products thus obtained are, to)iwrt eas«, soluble 35 metbyMsopropytphenyl, bentyl, cinnamyl, chioro- 
in water and sometimes cry started compounds, methyl, dichloromethyl, trichloronnethyl, bromo- 

Furthermore there are known tow molecular methyl, trifluoromethyl, 0-chlorethyU chlorobut>'l, 
glycoUc esters of phosphonic acids, for example chtbrpphenyl, bromophenyl, trifluorom ethylphenyi, 
compounds of the formula nitrOphenyU aminophenyt, anisyl. phenetyl, hy- 

40 drbxyphenyl, cttrsyl, chlorocresyi Or oxethyL 
^ Y '^ ne polyphospiionates (polyesters of phosphonic 

Tu-r^o-ft-o-p— fti add) can be prepared, for example, in a manner. 

^ ^ such that the dibromides or dllodides, preferably, 

• i however, the dichlorides of the phosphonic acids 

R * 45 described, are allowed to act upon *he polyhydric 

wherein R represents the* carbon radical of the »Whol* at ipmj>er?ti!r« sbeve -f *5*C, prc5crct!y 
glycol and R t a hydrocarbon radical which may be between 40 and 100'C. Higher temperatures up 
substituted to a small degree by chlorine, bromine. to about 100*C may likewise be applied. Advan- 
alkoxy and nltro groups. tageously the reaction is started at comparatively 

Now we have found that phosphorus •containing 50 low temperatures, e.g. at about 25'C.; the tempera - 
polyesters containing a plurality of the group ture Is then raised slowly in order to avoid a t/>o 

vigorous evolution of hydrogen chloride. The 
^ hydrogen halide set free In the course of the reac- 

_<v-i»-r>~Ri tion ean be eliminated by the application of 

^ 55 reduced pressure, by passing through an inert 

current or. if desired, by suitable hydrogen hahdc 
wherein R t stands for uIIq^ alken^U cyclaalkyl, acceptors, such as tertiary amines, for cKan:r-e 
cyeloalkenyl, aryl* aralkyl. aikylaryl and deriva* trie thy la mine, dimethi'laniline, by the addition J 
Uvet of these groupt and Rj stands for a bivalent metals binding hydrogen halide, such as nnc 
organic froup, can be prepared by reacting func- 60 aluminum, iron etc. or by merely increasing t.^.c 
tional derivatives of phosphonic acids with poly- temperature. 

hydrtc alcohols which may be saturated or may Another way for the manufacture of the po r- 

have olefin ic double bonds or with mixtures phosphonate* consists in re-estcrifying ph.w 
thereof. When correspondingly chosing the com- phunatcs of monohydric. preferably easily volat.le 
ponents and the proportions thereof, products are 55 alcohnlt with poiyhydrir Alcohol? Said ^« 
notained which are extremely viscous, insoluble esteri flea lions can advantageously be carried out 
in water and which hav« no tendency to cryrtailitr. at temperatures above 100* C. with addition :t 
The above-mentioned poly eat en can be modified known add or basic re -esterirt cation catalysts under 
by partially replacing a phosphonate radical in the atmospheric or reduced pressure, tt is expedient 
Poly*phosphonates by carboxylic acid radicals TO conUituously to remove from the reaction mixtu!^ 
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tU i«»uOuhydfic alcohol which I* set free, generally benrnic acid, furancarboxyiie add, furf jxacrylk 

by means of » dmillation. In re-esteriftcaUoo of arid, cinnamic add, nicotinic add, lactic acid; by- 

this kind there may be used as catalysts, for droxybutyric acid, chioroacetic add, thlorobutyric 

example, paratoluene-suUofUc add or the esters add, or bromobencoic add, 

thereof, hydrogen chloride, sulfuric add, para- a The number of suitable polyhydric alcohols la, of 

tcduenc-sulfodUoride, cadmium acetate, sodium course, extremely large. There are mentioned, 

acetate, sodlura met^Uie, potassium ethylate, for example, ethylene glycol, poly glycol ethers hav- 

lithium hydride, sine oxide, lead oxide, caldum tn& fur example, S molecules of ethylene oxide 

oxide or majpnesJum oxide^. . obtainable e.g. by polymerization of ethylene, oxide. 

Mixed polyesters havlnf phosphonate and ca:> to propylene glycol, poly-propylene glycol, butjiene 

bv. y late fracUeas wUMn" the saRi? eater chain can glycol, hexane-dlol, butenedloW pinaoone, mono* 

be prepared In a sirtullf manner. On principle It la and poly cyclic alcohols, for example tricyeJodecane- 

possible to use is starting material preformed pure di- or trimethylol, glycerol, hexane-trloi, tri- 

polymeric phosphonates and polymeric carboxy* methylol -propane, pentaerythrite, dipentaerythrite, 
lates. U is more advantageous, however, to carry |g sorbitol, 1 t J-dl phenyl ethylene glycol, pbthalyl 

out the condensation of the mixed polyesters from alcohol, or partial alkyl ethers of the afore-mari- 

the onset tn mixtures of the starting materials, tinned tri- or polyhydrtc alcohols containing at 

Thus, when using the phosphonates of monohydric least I free OH groups. Especially suitable ar© 

alcohols, it is possible to read them from the polyhydric alcohols containing between the 
beginning, in addition to esters, for example 20 hydroxy groups not more than 3 carbon atoms. In 

corresponding esters of carboxylic adds, with the many cases it Is advantageous to replace part of 

polyhydric alcohols, it Is likewise possible slmul- the polyhydric alcohols by saturated or unsaturated 

tancously to read polyhydric alcohols with phos* mono-hydrtc alcohols or to combine at least trt» 

phonic acid dihalides arid esters of di- or poly* hydric alcohols with mooohydric alcohols. In this 
car boxy lie acids and monohydric alcohols* while gs case, too, halogen-containing derivatives are 

the hydrogen chloride formed acts additionally as induded. 

re-esterincation catalyst- As monohydric alcohols there come into con* 

Moreover, it U possible to read the two kinds of dderatlon, for example, methyl, ethyl, propyl, butyl 

add one after the other. There can be first prepared alcohol, eihyt-hexanol, allyl alcohol, oleyl alcohol, 
a pure polyester, for example, a polyphosphonate. *0 or chlorethanoL The amounts of the mono- 

if desired with high molecular weight, and the hydric alcohols used preponderantly depend on the 

cat boxy Uc acid and further amounts of polyhydric at least trivalent alcohol used. The amounts of 

alcohol can be subsequently added, or short chain monocar boxy Lie adds used are likewise determined 

preconeVnsates can be formed. In the latter case by the at least trivalent alcohols. When using & 
there can be. added from the outset an excess 36 polyhydric alcohol, for example sorbitol, up to 4 

amount of polyhydric alcohol, if desired almost mo Is of a monohydric alcohol can be employed per 

the entire amount required for the formation of mol or sorbitol In case equimolecular amounts of 

the mixed polyester. dicarboxyiic acid are used. In this case only slightly 

In all these reactions there can be used Instead cross-linked products can be obtained; If, however, 
ol carboxylic adds the anhydrides thereof, as far as *0 polyhydric alcohols are treaded in the absence of 

they exist, or other reactive dert valves, such as, for monohydric alcohols, highly cross-linked products 

example, their esters, chlorides or bromides. The can be obtained. Also when varying the amounts of 

esier in cation or re-esterincation Is carried out monohydric alcohol and tri- or polyhydric alcohols 

according to known methods. The water which Is the solubility of the formed polyester can be modi* 

tanned in the course of the reaction may be eliml- 45 Qe< j as desired and more or less cross-linked 

nated by means of an inert gas current bubbling products can be obtained. When using tri- or poly- 

through the reaction mixture or with the aid of hydric alcohols, for example, sorbitol, up to 4 

an cn trainer. Generally temperatures between hydroxy I groups can be estertned by monovalent 

100 and 220*C. are required for this purpose and at carboxylic adds and in thla manner, too, the aolu- 

the end of the reaction in most cases still higher 60 D iiity. the degree of cross-Unking and other proper - 

temper a, ares up to about 26CTC As re-esteriftca- ties, of the polyester formed can be modified as 

lion catalysts there may be used the above-men- desired. Polyesters of phosphonic add dartvuttw** 

tu ned compounds, di- or poiynydric alcohols containing no car* 

As carooxylic acids there come Into consideration boxy lie acids can be prepared in a similar manner 

preferably poly basic adds having at least one M as described above for polyesters of carboxylic 

carbon .nom between the carboxylic groups. There adds and phosphonates on the one hand and di- 

are aaed. for example, m. dome add, succinic add, or polyhydric alcohols on the other hand. Thus 

?h:or<\»ucdnic acid, adipic add, sebadc add, producu can be prepared which suil contain free 

phi ha he acid, isophthalic add, terephthallc add, hydroxy lie groups or free carboxylic groups, 

WMraeh'.orophthaUc add, hexachlorendomethylene- w When preparing polyp hosphonates modified by 

hydiophthalic «cid, maldc add, fumaric add, poly-carboxybc adds, it is expedient in general to 

:tat-. s:ic acid, mesaconic acid, citracotiic acid, malic chose the proportion of the phosphonic add to 

acid. urtsnc acid, trimesic add, UicarbaJ ly tic add. the sum of the carboxylic acids between 1:10 and 

aconite acid. citric ncid. hemimelliUc odd or 1.0:1. It is possible, however, as showa in the 

p\ : .tnu^UiiiC add. w examples, to dispense with the addition o£ ear- 

A> .* '.ready invested above, there may be used in boxy J' c acids or to add less than 10% oi carboxylic 

Add»°.:un to the di- or polycarboxyiic acids men- add*.. On the other hand It is pos&lble to operate 

ironed jr m addition to the phosphonic acid with a smaller ratio of phosphonic acid to carboxylic 

drr:vAUv*:* nv.Miobanc carboxylic &oos, such as add than 1:10; in some cases, for example, there 

k«;-:\j:co. ~r .in.t.%tur*ted aliphatic ihavuig at least 70 can b* prepared products containing about of 

2. c*rU.a atoms' *>r cycloeiiphaiic as well as aromatic phosphonic ecid. calculated on ihe sum of th* 

oi hf trrwjclic carboxylic acidu or hydroxy sdas caiixucylic aaav. 

;sr c.ir:i fc \s> i;c acidi »ubsututed by halogen, for In ca:< the producu prepared according to the 

r*.*Tv.;"U\ fierce sai. jwnvicvruc acid. bu*o ric aad, nroec&i. of \hc mvcnUon ftiU ccntaui double bonds, 

c:v:."..c .v.*.rL\c acid, bcnjuMC aal. chioco- It which ls i.'^ cxanipic. wfci-n u^mg con- 
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cormtuutiy maleie arid, fumaric acid, ally! alcchsl, 
cr clonic acid, vinyl-phosphonate radicals or other 
unsaturated compounds, the properties of the resins 
can be further varied by polymerization of said 
products, for example, in the presence of known 
polymerisation catalysts* such as peroxides, for 
example, benxoyt peroxide, or lauryl peroxide. Thus, 
there art obtained soft to hard polymers which are 
incombustible or self •extinguishing. • 

On the other hand thermo-harderwble resins can 
be obtained in case the polyesters, are preponder- 
antly prepared from tri* and/or polyhydrlc alcohols. 

The poiyphosphonates obtainable according to 
the process of the invention and the mixed poly- 
esters wt phosphonlc acids and carboxyllc acids are 
resinous products which, in most cases, have high 
molecular weight* and which are well soluble in 
various organic solvents as far as they are not cross- 
linked. Especially important are their sell-extin- 
guishing properties or their non-combustibility 
owing to the content of phosphorus, which prop- 
erties can distinctly be recognized already when 
only a small portion of the acids Incorporated by 
condensation consists of phosphonlc acids. The 
products according to the invention possess self- 
extinguishing properties when containing only 
by weight of phosphorus. Products of this kind 
are suitable for the most part as flame-proof 
additives to a number of substances, for the impreg- 
nation of par- or and textile materials, glass fibers 
and the like, as sdhesives and lacquers, paints and 
as intermediate products and starting materials Tor 
the preparation of plastic materials. When accord- 
ingly chasing the estertfication components excel- 
lent ftre-proof baking lacquers are obtained. The 
products obtained by subsequent polymerisation are 
especially suitable as plastic materials. 

2: has. furthermore, been found that the molec- 
ular weight of the polyesters prepared according 
to the process of the present invention which con- 
la;:! unsaturated groups can be likewise increased 
when said polyesters are copoiymerized under 
known conditions with low molecular compounds 
containing activated double bonds. 

Activated double bends are those which stand in 
neighbouring position to either a functional group, 
.•jcn as the hydroxymelhyl, carboxyl or nitrile 
group. < r lo aromatic nuclei or to phosphorus. The 
hydroxy and carboxylic groups may be free or 
outers nVJ. 

As examples for low molecular compounds there 
.%--»■ m.'Mt i.\r\*y\ smor.* others * tyre nr. «ihy l^tci 
.-:> vines. vmylru»hthalem\ vinyl esters, such as 
v:;i>! acetate, acryhe acid and methacryiic acid 
*v.d the esters and nitrites thereof, allyl and 
Mw:hal)yl esters of saturated or unsaturated mono- 
and poly carboxylic acids, allyl and rnethallyl 
eatbonatcs. allyl and rnethallyl phosphates and 
;:hc<-photuiu > «» esters of vmylphosphonic acid, m- 
:w)>ic.\ an urate, trial!* ltr;mes.inatc. unsaturated 
p\: enters of. low molecular weight, especially poly- 
ester* containing 'allyl or 'iwtaSJyt ester groups and 
U'.e derivatives thereof, especially in case they 
3 iv t;*bsuiuted by halogen. 

h if suitable to admix the unsaturated monomers- 
%m\1: the unsaturated phosphorus -containing pcly- 
e iters m 4 proportion, such that the m.*nv:r.er 
r< r resents about 10 to $C v. preferably 20-4 0 v, of 
* c t«.-!al Amount. 

The products obtained according, to the mveti- 
'n"\i arc di«=tin£i>i<Hr«rt t*-\ ' ; heir itiscilubility it- 
.-: '^n:; Ovmtf The* cun rr.Jy be swollen ir. s.v;a 
. .'verity. 

**J-e 1 : ..*»« uct* arc c."\ • IcS*s* ;:"an?;\»!\r:t 
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the* are incombustible or possess self-extin- 
gui&hiruj properties. Consequently they are suitable 
for many applications, for example; for the manu- 
facture of shaped articles, for the impregnation of 

5 pa;.er and textile materials and as lacquers and 
paints for surface jprotection. Moreover, > they can 
be admixed wjUr ; yarioua\jd 
highly chlorinated hydrocarbons! fillers :oi organic 
or inorganic nature etc and they can be Improved 

10 by embedding organic or inorganic fibers, for 
example, glass fibers. 4. , > 

The polymerisation takes ^Uce^lbf Irradiation 
and/or by heating and/or by addition of activators 
at normal or elevated temperature. As activators 

U there may be used peroxides, for example benzoyl 
peroxide, tert -butyl hydroperoxide, cumene* 
hydroperoxide, toluene peroxide, di -text-butyl 
peroxide, chlorobenxoyl peroxide, iauryl peroxide, 
or azo-diiso-acyiriitriles, such as azo-diiso-butyro- 

20 nitrile, sulflnic adds, such as para-methoxysulfuitc 
add, dodecylsulAnic acid. cycloheJcylsulflniC add, 
benzenesulfinic acid, para -tolu ene-sulftnie acid or 
sulfonanfunes, such as N-bU*<para-tolylsulfoa. 
methyl )-methylamine, N-paxa-tolylsulfOamethyl-J- 

^ hydroxyethylamlne, paratolylsulfoncarblnol, phenyl- 
sutloncarblnoU para-tolylsulfonpropyicarblnol, or 
para-chlorophenylcarblnoL 

Polymerizations of this kind are generally 
described in U.S. Patent 2,255,313 and the coadi- 

30 tions mentioned In this publication can be applied 
also in the process according to our Invention. 

The following examples serve to illustrate the 
invention but they are not Intended to limit It 
thereto, the parts being by weight unless otherwise 

3J stated, and the relationship of parts by weight to 
parts by volume being the same as that of the 
kilogram to the titer: 

Example I 

<0 62 Parts of ethylene glycol (1 mol) are mixed 
dropwise at 60*C with 195 parts of phenyiphos- 
phonic acid dichioride <1 mol) according to the 
reaction occurring and the heat effect evolved. The 
mixture is then heated for 6 hours under reduced 

*i pressure at 60 'C until free chlorine ions can no 
longer be detected in the reaction product. The 
reaction product obtained represents after cooling 
a completely clear, only slightly colored and highly 
viscous liquid, insoluble in cold and boiling water. 

Era m pie 2 

ICC Pirls ot uicutyiene glycol il molt arc mixed 
at 55-60 *C. with 195 parts of phenylphosphonic acid 
dichioride U mol> according to the reaction occur- 

;a rin & an d ***e heat effect evolved, and the mixture 
is then maintained at about 60 "C. under reduced 
pressure for approximately 5 hours. The reaction 
mixture is then heated for some time under reduced 
pressure at 160'C. in order to eliminate residues c' 

^1 free hydrogen chloride still present. A highly 
viscous, only slightly colored and completely c. ; ear 
product is obtained which is tree of chlorine i~r+s 
which. is insoluble in cold and boiling .vater. 

Era .ni pic J 

S50 Parts of methylene glycol '.1 mo* 1 are mixes' 
dropuise at 50-55" C. with 2 95 parts, of phenyl;:.;*. »- 
phe-mc acid dichioride O mol* and the mixture -5 
*J;cn hiated under reduced pressure for 3 hcur* 
: j i 55 1 C In crd e r to e 1 im inn te the 1 a;; 1 residu es c>t ' : ». v 
h;. cirrpen chlcr.de the mixture ;s iheii hcaUJ .Vr 
sc-^.t :::.'»e v;;> to 130*'C. under reduced pressure. . a . 
^.l-:.'.} \i*cc*u$. pnduet is obtained which is int-e : 
ais-.i u:.:cr. ir :nsolubK- in cold and ix-..."^ 
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MtuUe to -.idfeSii ; ^.-$irdS»e»Aon» an<J can be 
T > : ExowpU « ;i poljti*erte«!'l» tK* ^^pi^^Vof benayyl peroxide to 

^ ifc Parta of (Methylene tlyed! <1 roo» are mixed obtalni « de^^^ t| noa^ombusUbie or 

drop*ls« at 4MVC. with It* parts ol vtnylphos- has »^f^ >'"|^™ n ^ P iro P c " <a - 
phonic add dichJorlde t\ mol). The mixture is 6 ' :. W"\ V' gj^pu JO? 

^M^r^ueed nranure'td U»*CP* V dichlarideiU ."jnol> atxlvtbe hydrdgen ctolotWe set 

obtained ta tosolubie In water. * can be converted Mpttt ^W^^ggjM^ 
i£$S**tin* advantaxeousiy in the presence di tttwttw mixture aw add«4 M parts ofmalelc 

^STnrodSt. ^fvV" 0 ^ ■■. ° S^Vl* installed a^evlce for seoaratln* wator^ 

Insoluble product ^ g 'tlM^tal^''^B«a«<it{!i^ ta«ux. 17 Parte tor 

Examples,, v . v .,. " ^ame of water are p^wn &ff In the eoursa df 

% Parts of olethiicne slrcoi ti mol) are mixed abdirt 5 10 houra, flnaUy at ITSHX TJe xytoato 

dropwS^tlo^e wlU? Wij part, of jtcMto.. ^tf^^^^x^\t^C. 
ethaneohosnhonle acid dlchlertde^ « mot). The pwdttet Is maintained for •bout 1 hour at 10O C. 
SreWeTheated for 1 hours at about WC. to 7^ reaction^rodurt Is a M** vbeoua, ***** 
unreduced pressure. vResidual amounu of free reUowjnass ^^ H £*°*^^^j2 
hvdrdaen chloride are eliminated toy heating- the and which Is soluble In b/droeart)onsw When heat*a 
Sxh^ under^uoed preawte to 1WC The fn the p^enee 

reaction product obtained U n:hl*tty viscous liquid and noo^ombustlble or self ^xtin*uUhln« masses 
which is tnsoluble In water. • U «» Obtained. 

V' ; V. '■ Example II 

Example 

as p.rt. of ethylene alvcol (I inol) are mixed 75 Parts Of hexane-triol (0.50 mol) and 100 parts 
dropJSe \ ^ 5 SS wi£*b" pSs/ol cycle- of phenylphosphonlc add ^« Ml 
hexan^hosphonlc add dlchlorlde U mol). The mix- 30 heated under redt^ pressure, first at 60'C. and 
rJreXobumed I. then mathtilhed for 1-1 hours flnaUy at 160'C. UnW cWoride can no longer be 
at WC. under reduced pressure;- Residual amounts detected In the reaction mixture, 17 Parts Of 
of hvdro«en chloride can be eUmlhated by heaUng ethylene glycol W.27 mol) « parts of maldc 
?he mixture under reduced pre^ure at 160'C. The anhydride (0 49 inland 30 parts toy votoert 
reaction product obtained is a highly viscous dear is xylene are then added, a device tor separating 
H,uld which U in soluble in water, wator .. g-^ *• ?^£££Z3fl 

Example t parts by volume Of water can be drawn off while 

61 Parts of ethylene glycol 0 mol) are mixed the temperature of the reaction .n**^. 
dropwlse 55-*0*C. with 189 fcarta pi amylphosphonic 40 amounts to I9JTC The xytene is then distilled off 
acid dichloride (I mol) and toe mixture Is main- under reduced pressure and the mixture is main- 
tained at that temperature for t hours under tained for about another hour at 190 C 
reduced pressure. Residua, amounts of tree The reaction product Is a WRhly v^ous mass 
hvdrogen chloride still present can be eliminated which does no longer flow In the cold; it is soluble 
bv heating the mixture under reduced pressure 45 In esters and hydrocarbons and can be polymerised 
to 16VC A highly viscous UoUid Is obtained which in the presence of peroxides, 
is insoluble in water. Example 12 

Example * $68 Parts of a condensate from phenylphosphonic 

23 Partool R lvcerol <0.15 moll, 60 parts of diethyl- &0 iCid dlchlorlde and ethylene glycol (molar ratio 
ene glycol <0.57 inof and 10 parts of n-butanol <0.i« 1:11 are heated with 134 parts of hexane-triol U 
mal> are mixed dropwlse at «0*C with 200 parts mol>, T4 parts of butano! O mol) and 196 parts of 
of phenvlphosphonlc acid dlchlorlde The mixture m.uie anhydride it sr.*!*:. me ouianoi simul- 
- '^rr. hc.^J iVr o hours under reduced pressure uneously serves as reaction component and as 
at about 60*C. The residual hydrogen chloride is $6 entrainer for the water formed. By meam of a 
eliminated bv heating the mixture under reduced device for separating water IS parts by volume of 
pressure to about HO'C. The reaction product is water are drawn off in the course of about 17 
hiithiv viscous and insoluble in water. hours at a final temperature of 10O*C. The reaction 

mixture Is then kept under reduced pressure for 
Example 9 w % hours and subsequently allowed to cool. A 

213 Parts of diethylenc glycol (2 mols> are highly viscous, slightly dark colored product Is 
reacted at SOX, with 195 parts of phenytphos- obtained. 

phonic acid dichloride U moU and the hydrogen Examplr 13 

chloride which is set tree is eliminated hom the 

reaction nuKturc, firvt at S0 4 C. and then completely 65 H4 Parts of maleic acid dimethyl ester u moA 
st 160 C r« Parts i>f ntsleic anhydride U moi> 114 parts ot ethylene gbcol (2 mols> and 1.5 pans 
and SO i^arts bv vtUume of xvtene <as enuainer» of CaO are heated together. After having ttrai- 
are then added, the whole is heated under reflux nated the separation ol methanol, the mixture is 
and )B parts bv volume of water are drawu oS in cooled to ^-&rc At that temperature 165 parts 
\hc course of "about 20 hours. Anally at 17CC. TO of phenxiph or phonic acid dichloride «.l mol 1 aro 
The eiitnMnei is dittUled off under reduced pre?- added dropwise. to the mixture according to the 
sure and the reaction product Is cooled eMer having reaction occurring. The hydrogen chloride set tree 
been heated t >r atx^ui 1 hour to 180'C. A huhiy i& sunuitaneously elUninated under reduced pres- 
vt:oou5. >e!!ow auvi clear mass Is obtained wruch *urr. When *,he evoluUon of h>'drogen cMonde if 
;W* :v \^r.^v t\t* u\ the cold. The r*2^duc: U :s terminated. Uvc product which, in the meantime 
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has become very yjbK^^^b^ttd to l50 r C with ing to 80 to 1 0O*C ihe win which is tree of solvent, 

appUcaUcoi of a yer*J|^ lor example, in the pretence of benzoyl peroxide, 

cooled A co^^}^!^^^^^^ 9 ' ftu<&tained hard masses are obtained which do not burn or 

which U pa^Uy^ which are self -extinguishing. •• 



which ^^meHi#^l}^^pt^t<* Prolonged „ , . fl 

time, mays .rajg}^ Example i a 

The polymer* ! a^ self- M Parts of phcnylphospbonic acid dimethyl ester 

extinguishing. t :^ /M;,X< f ?f\ r (0.5 mol) are first re-estertned with 90 parts of 

^I^inW'l* ; butylene glycol <l mol) as described In Example 17, 

■ ^^^^^^^;MS -.. 10 and subsequently, esteri fled with 49 parts of maleie 

176 Parts of^^ anhydride (0 5 molS ■ A viscous resin is obtained 

cydohtxanep^^s^lc^acid $chjor^q^C|^9 which is no longer capable of flowing and which is 

are reacted 'urio*^ scduble, for example, in halogenated hydrocarbons, 

and then at l^^?^Ull^xtur*m^cri chloride is ; esters, higher alcohols or in cyclic ethers; the resin 

completely ejinitnlte^^ can form films on glass or metals, 

water is instsJl^ The resin which is free of solvent yields hard 

<1.5 rabls), tM a -f$r1sof fait/ add of Unseed oil (0.5 masses when heated for a short time to 80 to 

mol) and 100 parts by .<vtUume of xylene are added I00*d in the presence of a polymerization initiator, 
and the mixture ^b|%P|piide|' ^^uXt;.Withln 

about 24 hours appro^piaj^ 80 Example 19 

of water can be draw^l^^^ In a manner analogous to that described in 

off the xylene under red uced^pressu re and heated Example 17 there are re-esterined 132 parts of 

the product for about^one hour at 170 to 180*C. propylphosphonic acid dimethyl ester (1 moD, $1 

there ts obuined, after cooling, a highly viscous, parts of ethylene glycol ti mol> and 69 parts of 

yellow and completely, clear product which does 25 glycerol <0,75 mol) in the presence of 0JJ% of 

no longer flow. : Baking tests with this material sodium methylatc. The mixture is subsequently 

yield after 10 minutes at 200* C on glass as well esterifled with 118 parts of succinic acid Ct mol). 

as on metal firmly adhering films having a good A yellow, viscous and non-Bowing resin is obtained 

flow. Said films are not combustible, having good solubility properties and capable of 

V -. .•«" so forming films on glass and metal 

Example fS 

In a four-necked flask provided with a therrnom- Example 20 

etcr. stirring contrivance, and device for separating 50 Parts of fatty acid of linseed oil (0.18 moil 
water with mounted reflUx condenser there are are heated for several hours to 170 to 200 r C. with 
heated to ISO to iW'C, while Introducing nitrogen, 3$ 96 parts of cyclohexanephosphonic acid dimethyl 
92 parts of glycerol (1 mol) and 192 parts of cyclo- ester (0.5 mol) and 92 parts of glycerol (1 mol) in 
hexviphosphonic acid dimethyl ester (1 moU in the presence of t part of CaO until the reaction is 
the presence of 0,15 % of CaO until the re-esteriftca- as complete as possible. After having cooled to 
tion is terminated. A yellow resin Is obtained which about 140* C. there are added to the mixture 58 
is imolubie in water and which is not capable of 40 parts of fumaric add (0.5 mol) and the water 
flowing. The resin is well soluble inter alia in formed in the course of the esteriflcation is removed 
cyclic ethers, higher alcohols, hatogenated hydro- by means of xylene as en trainer, 
caroons, etters, cyelohexanone and ethylene glycol The esterincation is carried out lor several hours 
monocthyl ether. ■ at 170 to 180*C, and Is terminated when no more 

Solutions of wild resin in one of the solvents 45 water distills ofT. After having distilled o£T the 
mentioned above or mixtures thereof yield* when xylene under reduced pressure, a yellow, highly 
1 p read on sheet metal or glass and baked for viscous* non-flowing resin is obtained which is 
15 minutes at 200'C, films which have a good flow soluble, among others* in cyclic ethers, ethyl glycol, 
and a £o*vd hardness. Furthermore, the films are. esters of glycolic acid, halogenated hydrocarbons 
ncu -combustible. M and phenols. When dissolved in a suitable solvent 

Example JS * ne resin furnishes, after a baking period of 10 

minutes at 170*C, on glass and metal a very hard. 
P.» , ■ > «.»r Wuyiphosphonic acid bis-^-ch lor- elastic, firmly adhering and non-combustible film 
i*th> I ester ** mol* and SI parts of ethylene glycol with a good flow. 
U moi> aiv re-estenfted as described in Example 55 EroniDl *>I 

15. A viscous resin is obtained which does not fc 
flow ana which is capable of forming films when In the manner described in Example 20 there are 

d:s*olved in a suitable solvent, for example butyl re-esterifted end estcrified 50 parts cf fatty acid of 
acetate cr cyelohexanone. Unseed oil <0.18 mol«. 134 parts of hexar.o-tnoi \\ 

Example IT 60 mol>, li>0 parts of beneylphosphonic ac;d dzmeihyi 

ester (0.5 moU and 49 parts of maieic anhydnde 

92 Paris of glycerol *l mol) are re-esicrified with «0.S molV The resin dissolved in a suitable solvent 

para ;«f cyclohexanephosphonic acid dimethyl bakes within 10 minutes at lTO'C. and vztlds a 
t*tcr *0.$ moii ay described in Example 15. Alter very hard, well adhering and nun-cvmbusublc :V.m 
having cv-.--rd the resin u> about 140* C, parts of w having a ^ood Cow. 
fumanc Ac.d <0.5 moP are added an J the mass is 

heated to :*0 u> 195 % C in the presence of xylene as Example 

emratnet uritj* the ostenftcation terntfrtated. 120 of cyclohcxanephosphon*c ncid d,a. : . 

After having remo^ the xvlene under reduced esler i0A $ moli ttrc condensed uiUi lie pan- 
ri«ure. the win is di^lved in rthylrne glycol ?0 ^c> cs^cvane^imethylol and 20 pars ^ -,.r. 

. , w . , . ^ of i%araio;uenesulfonic acid as descried m Exar.:-:e 

morh>c.hj 1 etiver. when fa»d solution u 5 oread. » . 4 . . ' 

tJ ' , k • 1&. A!Ur having terminated the rcacwor. nn 

f<^r exa«vp.c. on sheei metal there is obtained. cxU rme:y viscous, sluhtlv dark product is ^fctwned 
ar.er * :^k,n*- ;vr*,d of 10 minutes ai 700' a wrijch * Hv ;j soluble sr. d:oxaiu\ higher airc-^u 
rd. cii-Ai a:id nwvc\nnbustible . When heat- A Rii rh. r.. ir. 
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:J example * J Exempt* 21 

j 34 parts of hejtane-triol <t rnol), 171 pant or 70 Part* of the same polyester as In Example 57 

oclohexanephosphontc add diallyl ester (0,7 mcl> ere mixed with 30 parts of vinyl toluene. After 

and 2 part* of CaQ are heated together After ha v. 6 the addition of 0.5* of benzoyl peroxide the mixture 

ilia dUUl^^off^^e" calculated amount of ally I hardens rapidly at 70*C. and yields a hard carting, 

alcohol m partaV of maleic anhydride U.S moU> rMinnI , 59 

and W pa^ of biitanol <l I mol*> are added. The examples 

water pajgn^ o^l tn admixture with butane! is 70 Parts of the same polyester as in Example 27 

drawn o4$bi^el&^ 10 are m1 *** w4th 30 P arts o£ terepbthalate. 

which is filled #j&o overflow with butanol. After 03% of benroyl peroxide are then added to the 

havtaf teHiUhatod the condensation the reaction resin whereupon it hardens at ?0'C. to form a 

mixture Is maintained -for some time under reduced clear and solid product 

pressure, A darlfc very vir-ous resin Is obtained ■ ' so 

which, when disaotvW In a suitable solvent, yields l5 , Example J0 

very good films on *lass and metal. 70 Part* of a polyester prepared from W parts of 

The red* which Is free of solvent is heated to cy^ohexylpbosphonic add dimethyl ester J»J*£ 

80 to Wft if desired In the presence of an of 1^lM«lyeri « ^^^^^t 

iniUator, to yield hard masses already after a are admixed with 30 parts of ^>J^*A^ 

th^rf ttme E0 the addition of X% of para-toiuene-sulfihlc acid and 

Q 0.0003% 61 Cu-acetyl-acetonate there U obtained a 

Example 24 hard product within a short time. 

184 Parts of glycerol (2 mots* are esterifled at Example 31 

1(0 to 180*C. with 148 parts of phthaile anhydride . . mvm 9mamHA mf ^ rti 

(I mol>. AfUr cooling to about H0^ there axe , *°« f^£*ZS^ 

added to the carboxyllc add polyester obtained %**^£ 4 *^^ 

186 parts of phenylphosphonic add dimethyl ester add dichlorlde. 70 Parts of the Polyerter thus 

d mol) and I part of CaO and the whole mixture is obtained a* r mixed with 30 Pf^^LvTn^^ 

heated to 1E0 to WC. until the re-esterincauon is J* * the ^ditionj)f °;^ Rf °/J^f l ^f n ^ 

complete. The resin thus obtained yields, when dis- *> the reaction product is transformed at 60 C Into 

solved In a suitable solvent, a hard, elastic and a **rd Product. 

non -combustible film on glass and metal after hav- Tfte embodiments of the invention In which an 

ing been baked for 10 minutes at 170*C. exclusive property or privilege Is claimed are 

Example ?S 33 ****** ** * oUaw * : 

Hi Parts of cycloh^riephosphonlc acid dimethyl *• New polyesters conUlning a plurality of the 

ester 10,73 mol> are reacted according to Example group 

20 with 146 palls of terephthaltc add dimethyl ester 0 

<0.75 mol>, U0 parts of fatty acid of Unseed oil I 

•0.5 mol>. 276 parts of glycerol moU* and 174 40 _o-p-o-iu 

parts or fumaric acid (1.5 mois>. A yellowish resin Rt 

is obtained which does no longer flow in the cola ' . . . 

and which is well soluble in higher alcohols, cyclic wherein R { stands for a member selected from 

ethers and phenols. When dissolved In a suitable ■ the group consisting of monovalent £ta»L 

solvent said ream yields, after having been baked « cycloaUyrl cyclo^lkenyi ary , aralk^U aik^Uryl 

for 10 minutes at 170*C. hard, clastic, firmly ra*caU and halogen-, hy^K >lko«y « 

atfhcrii* and non -combustible films on glass and derivatives thereo and R, Is a bivalent radteaJ l ot 

metal having very good flowing properties. The the group consisting of bivalent aUphatic, cydo- 

hardness and .ability to solved of said films ^ a iphaUc araUphatic, aromatic ^droarbon, poly- 

can considerably be Improved by the addition of 60 eth f radical* and halogen-, hydroxyl- and 

0.5 to 2.0 *J of a mineral acid, such as phosphoric alfcoxy substituted derlva ^ taoC. 

aci,i and or perchloric acid. * polyesters containing a plurality of the 

group 
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60 Paris of a jxily ester prepared according to 

Example & from 212 parts of diethylene glycol, 195 Ri 
parts .*? phem Iphosphonic acid di chloride and ftS 

i-arts t maJeie anhydride aiv dissolved in 40 parts wherein R, stands f. < a member of the group 

ci i tMvne A clear.* viscous mass is obtained whjeh. 00 consisting of monovalent aryl, aralkyl, alkvl. 

aftrr ihc addiUon of 05 ^ of benroyl peroxide at aryl radicals and halogen-, hydroxyl-, 

five sohdines within a short Umc to form a hfiht. amine, nitro substituted derivatives theieot and 

;:*^parvni and very hard ptxxlucL " a bivalent radical of the rroup consisting of 

bivalent aliphatic, c\ cloaliphatic. araliph&Uc, 

Ex*-<\pU 27 W aromatic hydrocarbon, polyglycol ether radicals 

^ * ' and halogen-, hydroxyl- and alkoxy substituted 

t; rsvu of a polyester obtained Irom 248 pan* derivatives thereof. 

M :ene glycol. 4«. parts of malHc acid dimethy! 3. A process which comprise* reac^tf at a tem- 

A nd jvans of pRervSpnoaphonic acid a;- . peralure within the range of about 26-200 C lAJ 

' * _ :o a ijnosphomc acid derivative ol the group coasittm* 

ch.,;..u^ admixed with 50 ^rts of st^tcne . .tc" o| lhtf dihahdc> Atld ihe di esters of a pbosphomc 

> Jewish p^xUni thus obuined u tr&rif- having ^ organic sroup of the glass cons irtins 

:.■!■'.■. »v. nrJi of benroyl peroxide st TC: C. ^ monovalent aJkyl. alkenyl. cycloalk>*l, alfcao* 

»i a tc* miiviite? mio a compiriei> is^-ny- itrwUi*^ und hajo^r-n*. h>*divxyl- and alkoxy hjd- 

..rj k:: :-.^r^ :v*.:? ^ : Hi -ted dcr:\ai*vei -hcivrt attached directly to Uic 
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phospho*;U* atom of **W phosphonic acid derivative 
with at iwt I compound of the croup con- 
sistiniyctf saturated aruf uruaturated alcohol con* 
tatntr^fi teaat two; free alcoholic hydroxy 1 groups. 

4, to Clalm^ wherein the 5 

phospjioflic acid -dlhallde U a dUchJoride* 



li 



5, A process according to Claim *, wherdn 
reaction U carried out in the presence of at least 

cnonohydric alcohol. ; 7 ; 



the 

one:';. 
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